Burgi K, Cavalleri MT, Alves AS, Britto LRG, Antunes VR, Michelini LC. Tyrosine hydroxylase immunoreactivity as indicator of sympathetic activity: simultaneous evaluation in different tissues of hypertensive rats. Am J Physiol Regul Integr Comp Physiol 300: R264 -R271, 2011. First published December 9, 2010 doi:10.1152/ajpregu.00687.2009Vasomotor control by the sympathetic nervous system presents substantial heterogeneity within different tissues, providing appropriate homeostatic responses to maintain basal/stimulated cardiovascular function both at normal and pathological conditions. The availability of a reproducible technique for simultaneous measurement of sympathetic drive to different tissues is of great interest to uncover regional patterns of sympathetic nerve activity (SNA). We propose the association of tyrosine hydroxylase immunoreactivity (THir) with image analysis to quantify norepinephrine (NE) content within nerve terminals in arteries/arterioles as a good index for regional sympathetic outflow. THir was measured in fixed arterioles of kidney, heart, and skeletal muscle of WistarKyoto rats (WKY) and spontaneously hypertensive rats (SHR) (123 Ϯ 2 and 181 Ϯ 4 mmHg, 300 Ϯ 8 and 352 Ϯ 8 beats/min, respectively). There was a differential THir distribution in both groups: higher THir was observed in the kidney and skeletal muscle (ϳ3-4-fold vs. heart arterioles) of WKY; in SHR, THir was increased in the kidney and heart (2.4-and 5.3-fold vs. WKY, respectively) with no change in the skeletal muscle arterioles. Observed THir changes were confirmed by either: 1) determination of NE content (high-performance liquid chromatography) in fresh tissues (SHR vs. WKY): ϩ34% and ϩ17% in kidney and heart, respectively, with no change in the skeletal muscle; 2) direct recording of renal (RSNA) and lumbar SNA (LSNA) in anesthetized rats, showing increased RSNA but unchanged LSNA in SHR vs. WKY. THir in skeletal muscle arterioles, NE content in femoral artery, and LSNA were simultaneously reduced by exercise training in the WKY group. Results indicate that THir is a valuable technique to simultaneously evaluate regional patterns of sympathetic activity. hemodynamic measurements; norepinephrine content; sympathetic nerve activity; heart; kidney; skeletal muscles; exercise training SYMPATHETIC NERVE ACTIVITY (SNA) has long been regarded as an important regulator of blood pressure and regional blood flow (5, 9, 17). In addition, the sympathetic nervous system has moved toward center stage in cardiovascular medicine with the recognition of the importance of sympathetic nerve activation in the pathogenesis of hypertension and other diseases (7-9, 13). Although once controversial, it is now widely accepted that elevated SNA is a major etiologic factor in human essential hypertension (7, 13, 15, 17) . In fact, experimental evidence had confirmed that essential hypertension is accompanied by sympathetic hyperactivity that impairs renal excretory function, augments the vasoconstriction of resistance vessels, and stimulates local trophic responses, thus causing vessel hypertrophy and maintenance of hypertension. Recent evidence, however, has shown specific mechanisms in different models of hypertension and that SNA is not uniformly increased, presenting substantial heterogeneity in the heart, kidneys, gastrointestinal tract, and muscles of hypertensive patients and animals (7, 28, 38) . In other words, the intensity of SNA discharge to different regions may be different, depending on a variety of inputs to the autonomic centers regulating SNA. These observations have led to the concept of sympathetic signature that characterizes specific patterns [intensity, timing, impact on arterial pressure (AP)] of sympathetic activation to different vascular beds (28). However, the quantification of sympathetic nerve discharge to target organs in different forms of hypertension is not easy, requiring simultaneous direct assessment of regional pattern of SNA (28).
hemodynamic measurements; norepinephrine content; sympathetic nerve activity; heart; kidney; skeletal muscles; exercise training SYMPATHETIC NERVE ACTIVITY (SNA) has long been regarded as an important regulator of blood pressure and regional blood flow (5, 9, 17) . In addition, the sympathetic nervous system has moved toward center stage in cardiovascular medicine with the recognition of the importance of sympathetic nerve activation in the pathogenesis of hypertension and other diseases (7) (8) (9) 13) . Although once controversial, it is now widely accepted that elevated SNA is a major etiologic factor in human essential hypertension (7, 13, 15, 17) . In fact, experimental evidence had confirmed that essential hypertension is accompanied by sympathetic hyperactivity that impairs renal excretory function, augments the vasoconstriction of resistance vessels, and stimulates local trophic responses, thus causing vessel hypertrophy and maintenance of hypertension. Recent evidence, however, has shown specific mechanisms in different models of hypertension and that SNA is not uniformly increased, presenting substantial heterogeneity in the heart, kidneys, gastrointestinal tract, and muscles of hypertensive patients and animals (7, 28, 38) . In other words, the intensity of SNA discharge to different regions may be different, depending on a variety of inputs to the autonomic centers regulating SNA. These observations have led to the concept of sympathetic signature that characterizes specific patterns [intensity, timing, impact on arterial pressure (AP)] of sympathetic activation to different vascular beds (28) . However, the quantification of sympathetic nerve discharge to target organs in different forms of hypertension is not easy, requiring simultaneous direct assessment of regional pattern of SNA (28) .
Several techniques used for sympathetic quantification [sympathectomy, ganglionic blockade, norepinephrine (NE) spillover, spectral analysis of blood pressure, and heart rate (HR) variabilities (1, 8, 9, 13, 29, 34, 37) ] provide valid indices for overall SNA. The traditional microneurography technique measures it directly, but acutely in one tissue (13, 14, 31) . A recent improvement of this technique permits SNA measurement in conscious animals for longer periods of time, but only up to 2 different tissues (15, 16, 31) . Measurement of SNA indexes in three or more territories can be provided by NE spillover, but this technique is not usually employed in animal experimentation.
Tyrosine hydroxylase (TH) is the rate-limiting enzyme involved in catecholamines synthesis within the postganglionic nerve terminals; therefore TH immunoreactivity (THir) changes have been used as a marker of sympathetic innervation (6, 22, 32, 36) . We hypothesized that the combination of THir technique with the recent advances in the quantification of immunohistochemical signal (18) would allow the simultaneous measurement of NE synthesis within sympathetic nerve terminals of arteries/arterioles. This will be a useful index to quantify differential adrenergic activation in several territories at physiological states and during sympathetic overactivation occurring in the development and/or progression of pathological process. Here, we propose the simultaneous measurement of THir in different vascular beds of spontaneously hypertensive rats (SHR; the best-known model of essential hypertension) as a valid index to determine regional SNA in hypertension. To confirm our data, we compare THir results with both the NE content in different territories, as measured by high-performance liquid chromatography (HPLC) and direct records of lumbar and renal SNA (LSNA and RSNA, respectively) in hypertensive and normotensive rats. To validate THir as an index of sympathetic activity we also measured skeletal muscle changes (THir, NE content, and LSNA) induced by exercise training in normotensive rats.
MATERIALS AND METHODS
Animal protocols and hemodynamic measurements. Male SHR and normotensive controls [Wistar-Kyoto rats (WKY)] aged 5-6 mo were used in this study. Rats bred in the Animal Facilities at the Biomedical Sciences Institute, University of Sao Paulo were housed in Plexiglas cages (4 rats/cage) in the Animal Facilities of the Department of Physiology and Biophysics (controlled temperature, 12:12-h lightdark cycle, with free access to food and water) for 1-wk acclimatization.
All procedures and experimental protocols in this study were reviewed and approved by the Institutional Animal Care and Use Committee of the University of Sao Paulo, in compliance with the Ethical Principles in Animal Research of the Brazilian College on Animal Experimentation.
Younger WKY rats (2-3 mo at the beginning of protocols) were used for the low-intensity aerobic training protocol (18, 24) . To this end, after the acclimatization to Animal Facilities, active rats were preselected according to their ability to walk/run on a treadmill (Inbramed model KT-300; 5-10 sessions, 0.3 up to 0.7 km/h, 0% grade, 10 -15 min/day). At week 0, before starting the protocols, rats were submitted to a maximal exercise test on the treadmill (increments of 0.3 km/h every 3 min, starting with 0.3 km/h up to the exhaustion of the rat) to determine maximal individual aerobic capacities and to allocate rats with similar capability to trained (T) and sedentary (S, control) groups. Low-intensity training (ϳ55% of maximal exercise capacity) was performed 1 h/day, 5 days/week over 3 mo, as previously described (10, 18, 24) ; the S group was kept sedentary for a similar period of time. Maximal exercise tests were repeated in the middle and at the end of protocols to adjust T group intensity and to quantify aerobic performance in both groups, respectively.
One to two days before the functional experiments, rats were anesthetized with a mixture of ketamine and xylazine ip (80 and 12 mg/kg, respectively) for chronic catheterization of the right carotid artery, as previously reported (10, 24) . After surgery, rats were treated with analgesic plus antibiotic (ketoprofen 1%, 2 mg/kg; and penicillin, 24,000 IU/kg sc) and allowed to recover. AP and HR recordings were made 24 -48 h after the arterial catheterization in conscious, freely moving rats resting in the experimental cage. The arterial catheter was connected to the recording system (model P23Db transducer, preamplifier, and 3400 Recorder Gould) and a variable period of time (20 -45 min) was allowed for stabilization of cardiovascular parameters before starting the simultaneous measurement of AP and HR (determined from AP pulse interval by the Gould 5900 Recorder; Biotach, Valley View, OH) for 30 -40 min (basal values).
Monitoring of LSNA and RSNA. After hemodynamic measurements, some rats of each group were anesthetized (1.2 g/kg ip urethane) for LSNA or RSNA recording. The level of anesthesia was checked frequently by assessing limb withdrawal reflexes to noxious pinching. Rectal temperature was measured by a thermometer and maintained between 36.5 and 37°C by using a heating blanket. A saline-filled catheter was inserted into the left femoral vein and used for hexamethonium injection (30 mg/kg) to block the sympathetic ganglion activity and to determine the background noise of SNA at the end of the experiment. A middle incision on the ventral surface of the neck was performed to insert a polyethylene catheter (PE-250) into the trachea to facilitate respiration. During the experimental procedure, animals were allowed to breathe spontaneously. Afterward, a midline laparotomy was made in the supine position and the intestines were reflected to expose the abdominal aorta for identification of the paravertebral sympathetic chain. In addition, the left side of the lumbar sympathetic branch was carefully dissected by using a stereomicroscope (MC-M1232; DFV, Sao Paulo, Brazil), and a pair of thin, stainless steel bipolar electrodes was placed around the nerve at L2-L3 level for subsequent LSNA monitoring. Although it has been reported that the lumbar sympathetic trunk contains some preganglionic fibers (2) we, as well as other investigators, did not distinguish the quantification between pre-and postganglionic activity when recording the LSNA. For RSNA recording, a left lateral incision was made to expose the kidney and the sympathetic nerves. A small bundle of postganglionic nerves was separated from the nerve plexus adjacent to the renal artery by using the stereomicroscope. The connective tissue coverings were removed and the nerve was placed across the stainless steel bipolar electrode. The nerve bundle (lumbar or renal) and electrodes were bathed in a pool of 37°C mineral oil to prevent tissue drying. The original SNA was amplified (10 k of gain; model AN502 Differential Amplifier; Tektronix, Beaverton, OR), filtered (band-pass filter, 0.1-3.0 kHz) and acquired simultaneously with a blood pressure signal. Further processing was performed using a data acquisition system assembled on a computer equipped with an analog-to-digital converter (CODAS, 10 kHz sampling rate; Dataq Instruments). Resting values of SNA and arterial blood pressure were recorded for 30 min. Data were analyzed in a computer running Spike 2 software (Cambridge Electronic Design, Cambridge, UK) with custom-written scripts for off-line analyses. LSNA and RSNA basal values were rectified and displayed as a moving average (100-ms time constant). For spike counting, we determined the upper margin of the nerve activity after ganglionic blockade (threshold value) by means of a cursor. Action potentials exceeding the threshold were counted and averaged every 60 s in each animal. Group means were averaged and displayed in histogram as spike·s Ϫ1 . Since hexamethonium was used at equivalent dose for each animal, possible additional increases in LSNA due to preganglionic SNA induced by baroreceptor unloading would occur in every animal of any group. Therefore, it did not interfere in the comparison between groups.
Tissue sampling. After functional measurements, rats were deeply anesthetized (60 mg/kg ip pentobarbital sodium), allowing the respiratory arrest. Rats allocated to immunofluorescence processing were immediately submitted to transcardiac perfusion with 0.01 M PBS (100 ml) followed by 4% paraformaldehyde in 0.1 mol/l PBS, pH 7.2, 400 -500 ml (Daigger Pump, 10 ml/min). The perfusion pressure was kept in the same range as the MAP recorded in the conscious animal. The soleus, red gastrocnemius, gracilis (locomotor muscles), and temporalis (nonlocomotor muscle) muscles, left kidney, and heart were removed, postfixed (4% paraformaldehyde, 12 h at 4°C), and cryoprotected (0.1 M PBS containing 30% sucrose at 4°C) for a minimum of 72 h and stored until processing. Rats assigned to HPLC studies were submitted to transcardiac perfusion with 0.01 M PBS only (ϳ5 min) for fresh tissue collection. Skeletal muscles (soleus, temporalis), left kidney, heart, and femoral artery were immediately removed, wrapped in aluminum foil, and stored at Ϫ80°C until processing.
Immunohistochemical studies. Transverse sections of the locomotor and nonlocomotor muscles, renal cortex, and left ventricle (16 m, Leica Cryostat CM3050) were collected directly in glass slides (4 -8 slides/tissue, 2-4 slices/slide). Sections were incubated with 0.01% Triton X-100 and 10% normal horse serum for 1 h. Slides were processed for THir. Primary mouse monoclonal antibody anti-TH (Chemicon, 1:100 dilution, ϳ150 l) diluted in PBS (0.01 M/l) was applied directly on the slices. Slides were incubated for 12 h at room temperature in a humid box. Slides were washed in PBS (3 times, 10 min each) and incubated for 2 h at room temperature with the secondary antibody (FITC-conjugated affinipure goat anti-mouse IgG, Jackson Immuno Research Laboratories; 1:100 diluted in 0.01 M/l PBS). After three washes in PBS, the slides were mounted with Vectashield (Vector Labs, Burlingame, CA). Control experiments (with no fluorescence) were performed by omitting the primary or the secondary antibodies. All slices were inspected for localization of transverse arterioles sections. Images of arterioles from the skeletal muscles, left ventricle, and renal cortex were captured in a Nikon microscope (Eclipse model 1000; magnification, ϫ200). THir, expressed as percentage of area or area occupied by threshold signal/total area of interest, was analyzed in the adventitia and adventitia-medial border in the upper, lower, right, and left quadrants of each transverse arteriole section, within standard rectangular windows of 250 m 2 for heart and kidney and of 75 m 2 for the skeletal muscle arterioles (Image J software); 7-12 arterioles/ tissue were measured. Background intensity was calculated from a similar window placed in the lumen of each arteriole and subtracted from the absolute THir intensity to give the net THir value/arteriole. HPLC analyses. Tissue NE content was determined by HPLC, according to Garofalo et al. (12) . Briefly, fresh tissue samples (kidney, heart, skeletal muscles, and femoral artery) were homogenized in 0.2 N perchloric acid with EDTA and sodium metabisulfite as antioxidants. After protein removal (Tris·HCl, pH 8.9), extracts were activated with acid-washed alumina and catecholamines eluted with 0.1 N perchloric acid. Catecholamines were assayed using HPLC (model LC-7A; Shimadzu Instruments) with a Spherisorb ODS-2 (5 mm; Sigma-Aldrich) reversed-phase column with a flow rate of 1 ml/min. The mobile phase consisted of phosphate buffer with L-octanosulfonic acid and 5% methanol. Dihydroxybenzylamine was used as the internal standard; results were corrected for recovery, based on the recovery of the internal standard, which was, on average, 80%.
Statistical analysis. Results are presented as means Ϯ SE. Differences in THir, NE content, LSNA, and RSNA between groups were analyzed by Student's t-test, while differences between arteries and tissues in the WKY and SHR groups were analyzed by one-way ANOVA, followed by Student-Newman-Keuls as a post hoc test. The significance level was set at P Ͻ 0.05.
RESULTS
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300 Ϯ 8 beats/min, P Ͻ 0.05 for SHR vs. WKY groups, respectively). Figure 1 shows the distribution/density of noradrenergic fibers within the skeletal muscle, heart, and kidney as measured by THir in transverse arterioles sections. THir was present in the adventitia and the adventitia-medial border (4, 11) where measurements were made. The internal elastic lamina of the vessels possessed a pronounced autofluorescence (11) . One observes that THir was more evident in SHR arterioles taken from the heart and kidney (ϳ100 m of internal diameter, controls (Fig. 1, C and E, respectively) . In the soleus muscle arterioles (ϳ40 m of internal diameter), THir was almost similar between SHR and WKY groups (Fig. 1, B and A,  respectively) .
Quantitative THir measurements in WKY group arterioles of locomotor and nonlocomotor muscles, heart, and kidney arterioles of the same rats confirmed a higher THir in the skeletal muscle and kidney than in the heart arterioles (average density of 10.13 Ϯ 0.83% in the skeletal muscles and 12.71 Ϯ 1.02% in kidney vs. 3.08 Ϯ 0.51% in heart arterioles, Fig. 2 , P Ͻ 0.05), confirming a dense noradrenergic innervation to skeletal muscle arterioles (4, 11) . Interestingly, hypertension was accompanied by significant increases in THir in kidney and heart arterioles (average density of 31.00 Ϯ 2.55% and 16.33 Ϯ 3.79%, respectively, corresponding to increases of 2.4-and 5.3-fold vs. respective WKY controls, Fig. 2 , P Ͻ 0.05), but not in SHR arterioles taken from soleus, red gastrocnemius, gracilis, and temporalis muscles compared with respective WKY controls (P Ͼ 0.05 for all comparisons; Fig. 2 ). Comparison of relative THir of arterioles in different tissues of the SHR also revealed a higher noradrenergic innervation in kidney vs. heart and skeletal muscle arterioles (density values in Fig. 2) .
To confirm the observations made with THir measurements, we determined the NE content in fresh SHR and WKY samples of kidney, heart, skeletal muscles, and femoral artery by HPLC (Fig. 3) . In accordance with our previous results, quantitative measurements indicated that NE content in both skeletal muscles and femoral artery were not changed by hypertension (68 Ϯ 6 vs. 53 Ϯ 8, 40 Ϯ 4 vs. 45 Ϯ 5, and 495 Ϯ 156 vs. 284 Ϯ 59 ng/g of tissue in SHR vs. WKY for soleus, temporalis, and femoral artery, respectively P Ͼ 0.05 , Fig. 3) ; in contrast, it was significantly increased in the kidney and heart (ϩ34% and ϩ17%, for SHR vs. 123 Ϯ 3 and 446 Ϯ 37 ng/g of tissue in the respective WKY groups, P Ͻ 0.05, Fig. 3) . Comparison of tissue NE content showed that, contrary to that observed in arterioles, whole skeletal muscle content was smaller than kidney and heart, with the highest NE tissue content being observed in the heart (Fig. 3) .
To further validate the efficacy of THir as a marker of SNA in the skeletal muscle and kidney arterioles, we recorded and compared the basal LSNA and RSNA in the SHR and WKY Fig. 2 . THir density in the kidney, heart, and skeletal muscle (soleus, gastrocnemius, gracilis, temporalis) arterioles of WKY and SHR groups (n ϭ 7-12 arterioles/ tissue; 4 -7 rats for each tissue in each group). Significances (P Ͻ 0.05) are *vs. WKY (Student's t-test); †vs. kidney (1-way ANOVA).
groups. Figure 4 shows that basal LSNA was similar between groups (22 Ϯ 5 and 26 Ϯ 5 spikes·s Ϫ1 in SHR and WKY, P Ͼ 0.05), corroborating previous results obtained with both the THir in the arterioles and the NE content in the femoral artery and locomotor/nonlocomotor muscles of the SHR and WKY groups. However, RSNA was higher in the SHR compared with WKY group (45 Ϯ 9 vs. 15 Ϯ 7 spikes·s Ϫ1 , respectively, corresponding to a 188% increase, P Ͻ 0.05, Fig. 4 ), confirming again the THir results observed in renal arterioles and the kidney NE content.
To further examine regional differences on sympathetic activity within the same strain, we compared tissue THir, NE content in the femoral artery, and LSNA in trained and sedentary WKY. At the end of protocols, the trained group exhibited improved treadmill performance (attained velocity of 1.45 Ϯ 0.11 km/h, corresponding to an increase of 0.75 Ϯ 0.07 km/h), whereas sedentary WKY showed no improvement (0.70 Ϯ 0.08 km/h). Training reduced HR (275 Ϯ 4 vs. 300 Ϯ 7 beats/min, P Ͻ 0.05), but pulsatile AP and mean AP were not changed (145 Ϯ 2/107 Ϯ 2; 122 Ϯ 2 mmHg for systolic/ diastolic, mean pressure, respectively). As illustrated in Fig. 5 and quantified in Table 1 , training caused significant reductions of THir in locomotor and nonlocomotor muscles, which were accompanied by a proportional reduction on the femoral artery NE content and by a marked decrease in the LSNA. It should be noted that in normotensive rats, exercise training did not cause vascular remodeling in the skeletal muscle arterioles (24) .
DISCUSSION
New findings of the present study are 1) THir associated with semiquantitative measurement of the immunohistochemistry signal is a valuable technique to measure the synthesis of NE in the sympathetic nerve terminals; 2) THir could be measured simultaneously in several tissues of the same animal; 3) changes associated with hypertension are reproduced by other techniques as the quantitative measurement of NE content and the direct assessment of SNA; 4) in contrast to other techniques, measuring NE spillover or NE content in the whole tissue or a normalized (not absolute) regional SNA, THir is sensitive enough to show changes in sympathetic innervation associated with both hypertension and training and, therefore, differences in sympathetic tonus/activity within different tis- Fig. 3 . Norepinephrine content measured by high-performance liquid chromatography in kidney, heart, and skeletal muscles (soleus, temporalis), and femoral artery of WKY and SHR groups (n ϭ 5-9 rats for each tissue in each group). Significances (P Ͻ 0.05) are *vs. WKY (Student's t-test); †vs. kidney, ‡vs. heart (1-way ANOVA).
sues and between animals. Taken together, these observations indicate that THir is a good and appropriate index to evaluate regional patterns of sympathetic activation. Previous studies, by associating THir, TH protein content, NE synthesis, and NE content with sympathetic activity in different experimental conditions, do support the proposition that changes in TH activity may reflect changes in sympathetic activity (26, 30) .
Antibodies to tyrosine hydroxylase, the rate-limiting enzyme involved in catecholamine synthesis, have been extensively used to mark postganglionic sympathetic terminals innervating vessels and tissues (6, 20, 22, 23, 32, 35, 36) . Most of these studies, as usual for immunohistochemistry techniques, attempted only to localize sympathetic terminals and their relation to the surrounding structures. In a recent study, by asso- ciating the immunohistochemistry technique with semiquantitative methods to measure the signal intensity/density in specific areas (by means of Image analysis software) we were able to obtain arbitrary values that reflect the relative density of that particular signal, thus permitting the comparison of signal magnitude between animals and/or groups (18) . Procedures like that have also been used with the in situ hybridization technique (10, 33) . The association of THir with image analysis allowed us to quantify the relative expression of the sympathetic transmitter synthesis in the vasculature of several tissues, indicating both the differential expression between them and the specific changes induced by hypertension or training. In the sympathetic terminals of the normotensive group, we observed a high THir in the skeletal muscle and kidney arterioles, the lowest content being observed in heart arterioles ( Fig. 2) . This effect seems to be specific for the vasomotor innervation, because a different distribution of NE content was observed in the whole tissue of normotensive animals (highest in the heart, medium in the kidney, and lowest in the skeletal muscles, Fig. 3) .
Interestingly, hypertension was associated with significant increases of THir in the kidney and heart, but not in the skeletal muscle arterioles, an effect that was confirmed by HPLC determination of the NE content in these tissues. Several authors outlined differential patterns of sympathetic activation in specific hypertensive models. For example angiotensininduced hypertension was accompanied by decreased RSNA in dogs (21) and rabbits (3). Osborn and Fink and colleagues (28, 38) described that angiotensin II/salt-induced hypertension was also accompanied by decreased RSNA, unchanged muscle, and increased splanchnic SNA, characterizing according to these authors, a specific sympathetic signature. Our results, showing in the SHR group increased kidney and heart THir, increased RSNA, but unchanged arterioles THir in skeletal muscles accompanied by unchanged LSNA, also indicate differential regional patterns of NE synthesis and sympathetic activity, characterizing a different sympathetic signature in the SHR, the best animal model for essential hypertension. Interestingly, our data and previous observations (28, 38) indicate that basal vasomotor activity to skeletal muscles, as reflected by LSNA or THir, is preserved in different types of hypertension. In contrast, RSNA differs among hypertensive models: it is increased in the SHR (present set of data), but decreased in angiotensin and angiotensin-salt hypertension (3, 21, 28, 38) . In addition, THir data can detect territorial differences in NE synthesis within groups: kidney and skeletal muscle arterioles of the WKY exhibited similar magnitude of innervation, which is significantly higher than that of the heart. On the other hand, heart and skeletal muscle innervations were similar in the SHR and smaller than that of the kidney.
THir technique is also sensitive to detect differences on regional vascular NE content and on regional sympathetic activity in normotensive rats in which sympathetic vasomotor drive was reduced by exercise training. Previous studies have already indicated the potentiality of training to reduce LSNA (14, 27) and to modify central autonomic control in normotensive rats (25) . It is important to note that exercise training in normotensive rats did not change blood pressure levels and was not accompanied by vascular remodeling (24) in such a way that the vascular THir changes observed were exclusively due to alterations in vasomotor sympathetic drive.
It should be stressed that the present set of data does not rule out the important contribution of continuous direct recording of SNA to evaluate the sympathetic drive. The technique presented here has the advantage of quantifying, at the same time, sympathetic changes in several tissues, but the limitation to provide a static picture at one time point. It is also important to stress that our THir results on vessel NE content reflect regional adrenergic activation of WKY and SHR groups at basal condition. It remains to be determined whether THir is also a valid SNA index during high sympathetic activation.
In summary, the present results show clearly that THir, by quantifying NE synthesis in sympathetic nerve terminals in the adventitia/adventitia-medial border of arteries/arterioles, is a valuable technique to quantify basal sympathetic activity in a specific tissue. In addition, by permitting the simultaneous measurements in different tissues of the same animal (as many as necessary), as well as comparisons between groups, it could be an easy method to evaluate the regional pattern of sympathetic activation.
Perspectives and Significance
To date, there is no ideal technique to measure continuously and simultaneously the sympathetic activity in three or more tissues. The simultaneous semiquantitative measurement of arteriole THir in several target organs, although giving just a static view, could be an alternative and/or additional method to uncover differences on regional SNA and/or vasomotor activation in normal and pathological conditions. In addition, the technique proposed here could contribute to identify mechanisms linking changes in SNA to the pathogenesis and maintenance of different types of hypertension.
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